Metastable superheated and supercooled vortex lattices in NbSe 2 crystals were probed with fast transport measurements over a wide range of field and temperature. The limit of metastability of the superheated vortex lattice defines a line in the phase diagram that lies below the superconducting transition and is clearly separated from it. This line is identified as the spinodal for the superheated vortex lattice and is in good agreement with recent theoretical predictions. By contrast no limit of metastability is observed for the supercooled lattice.
organization can result in a more disordered lattice due to "edge contamination" 23, 24 by new vortices entering through a surface barrier at the sample edge, or in a more ordered lattice due to "motional ordering" when vortices are driven at high velocities 25 .
To avoid current-induced-organization we developed a technique that probes the vortex response on time scales shorter than reorganization times and can capture the response of the initial (static) vortex state much like a snapshot. The technique, employs a four-probe measurement to monitor the vortex response to an applied current ramp 20 . The ramps used in most measurements discussed here were Fast-Current-Ramps (FCR) with a sweeping-rate of 200A/s. When a standard Slow-Current-Ramp (SCR) was used, the sweep-rate was 1mA/s. The sweep-rate controls the degree of current-inducedorganization. In the case of SCR the measurement time to obtain a voltage signal within our resolution of ∆V~1 µV is τ=∆V/( R ff dI/dt) ~0.4s for a free flux flow resistance of R ff = 2. 5 mΩ. This is much longer than the time it takes a vortex to traverse the entire sample (typically ~50ms at 0.25T and 5µV) so current-induced-organization is inevitable. By contrast if the same vortex is probed by FCR, where τ ~2 µs, it moves less than half a lattice spacing. The FCR were sufficiently fast to capture the intrinsic response of the vortex lattice below the peak effect but they were still too slow close to the peak. We found that it is possible to capture the intrinsic response in the peak region by using the modified method as described below.
The experiments were carried out on three single crystals of 2H-NbSe 2 with critical temperatures T c = 5.61 K, 7.01 K and 6.0 K for sample A, B and C respectively and I c , was defined as the current for which the response reaches 5 µV. In Fig.1 21 . For the slow SCR the peak is broadened by edge contamination while for the FCR where current-induced-organization is negligible the peak is narrower.
3. The superheated lattice was obtained by a ZFC-Warm (ZFCW) process, which entails preparing the ZFC lattice at a temperature T 0 well below the peak effect, and then heating it to the target temperature T 1 where it is allowed to thermalize for 2-3 minutes. The peak for the ZFCW lattice shifts to higher temperatures compared to the ZFC as expected for a superheated lattice. However, the corresponding VI curves close to the peak temperature were N-shaped, as shown in Fig. 2 , which is a signature of current induced organization 9, 21 . . Since this indicates that the FCR is still too slow in the peak regime we followed a different procedure: the ZFCW lattice was not probed at T 1 but, after waiting at T 1 for a few minutes it was cooled back to T 0 and measured with FCR. The critical currents obtained by this procedure, henceforth referred to as "cold-measured-critical-currents"
and labeled I cc (T 1 ), are shown in Fig.3 by solid circles. They were used to calculate (as described below) the values of I c (T) for the ZFCW state, also shown in Fig. 1 . The ZFCW peak occurs at a higher temperature and is narrower than in the case of the ZFC lattice. The ZFCW lattice is metastable decaying into the disordered state under external perturbations as indicated by the arrow.
In Fig. 3 we note that at low temperatures I cc (T 1 ) for the ZFCW data remains constant and equal to the critical current of the ordered state for up to an onset temperature where it starts increasing and ultimately saturates at the value of the disordered state at T s ~5.18K.
For comparison, we also plot data obtained with other procedures: plain-ZFC, prepared
at T 1 but measured after cooling to T 0; annealed-ZFC, is the same as plain ZFC but before cooling to T 0, we apply an SCR to introduce edge contamination. The same qualitative behavior is seen in all cases: an ordered state at low temperatures undergoes a transition to a disordered state at high temperatures. We note that the onset and saturation temperatures are highest in the superheated ZFCW lattice. In the same figure, we show the data for the FC lattice that remains in a supercooled disordered state at all temperatures 3 .
This data demonstrate that there is an onset temperature below which excursions in temperature leave the vortex state unchanged while excursions beyond this temperature lead to an irreversible increase in I cc (T 1 ). We interpret these results in terms of a twophase-coexistence model whereby the increase in I cc (T 1 ) is caused by the introduction of disordered domains that coexist with ordered domains. This picture is consistent with recent Hall probe microscopy 26 and magneto-optics imaging experiments 27 that revealed a mixture of ordered and disordered domains in the peak region. The disordered domains remain unchanged upon cooling, so that the cooled state is a replica of the state at T 1 .
Therefore:
where α(T 1 ) is the fraction of disordered phase measured along the path where vortex motion first sets in. This is a path connecting the sample edges that minimizes the amount of disordered phase and is the one that determines the value of the critical-current. Here 
our t s (h) data and is well separated from both the LR melting line t m (h) and t c (h).
Another prediction of the LR theory is that for a system of particles with repulsive interactions as is the case of vortices, there is no limit of supercooling. This is again consistent with the data presented here.
We note that t m (h) does not coincide with one of the characteristic peak effect features.
This allows us to address a long debated question regarding the peak effect, i.e. whether it is the onset 8, 12, 14, 22 or the peak 21 , which signals the phase transition. Clearly, the LR melting line coincides with neither. In the two-phase coexistence model, this is not surprising because T on marks the point where the disordered phase percolates while T p is determined by the competition between the nucleation of disordered states that tend to increase the critical current and the approach to T c , which tends to lower it. Our experiments suggest that in transport measurements the order-disorder transition exhibits no specific signature.
The schematic free-energy diagram in Fig. 4 summarizes the results presented here.
Below the spinodal line, t s ,the free energy has two minima corresponding to the disordered and ordered phases. Below the melting line t<t m the ordered phase is stable and the disordered one metastable, while for t m <t<t s the roles are reversed. At t=t s the minimum corresponding to the ordered phase is replaced by an inflection point and for t> t s there is no minimum corresponding to an ordered domain.
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